Deep vein thrombosis (DVT) is defined as the formation of a thrombus mostly in the lower extremity veins leading to occlusion or interruption of the blood flow. It is the third most frequent cardiovascular disorder following coronary artery disease and stroke. [1] If left undiagnosed and untreated promptly, it may lead to serious morbidity and mortality.
Although medical and surgical treatment modalities have evolved in recent years, DVT still poses a potential problem, as it is associated with various clinical entities such as chronic venous insufficiency, phlegmasia cerulea dolens, venous gangrene, and pulmonary thromboembolism which all can have severe consequences. [2] [3] [4] [5] Hereditary or acquired tendency to thrombosis, hypercoagulability, venous stasis, endothelial damage, and inflammation are the main factors which play a role in the etiopathogenesis of DVT.
In cases of DVT, inflammatory response occurs with the increase in several biomarkers in the blood such as C-reactive protein (CRP) and interleukins. [6] In addition to these known markers, some routine complete blood count (CBC) parameters such as the mean platelet volume (MPV) and red cell distribution width (RDW) have been studied as the inflammatory indicators in patients with DVT. [7] [8] [9] On the other hand, novel and promising inflammatory biomarkers derived from CBC tests such as platelet-to-lymphocyte ratio (PLR) and neutrophil-to-lymphocyte ratio (NLR) have recently been investigated in various diseases, and gained an increasing popularity in many medical societies worldwide. [10] [11] [12] [13] [14] In accordance with the role of the inflammatory process, these aforementioned novel markers have been studied in vascular diseases as well, although studies investigating both PLR and NLR in patients with DVT are scarce. In addition, previous studies in the literature have often addressed into particular CBC parameters and there is no comprehensive study investigating all CBC parameters in DVT patients.
In the present study, we aimed to investigate most of the routine CBC parameters as well as the novel inflammatory biomarkers such as PLR and NLR in patients with acute lower extremity DVT and to evaluate the clinical relevance of these parameters in this patient population.
PATIENTS AND METHODS
This retrospective study included a total of 68 patients (29 males, 39 females; mean age 55.2±1.6 years, range, 22 to 80 years) with acute lower extremity DVT and 34 healthy controls (15 males, 19 females; mean age 52.8±2.5 years; range, 21 to 77 years) without acute lower extremity DVT between March 2016 and August 2018. The patients with lower extremity DVT presented with the complaints of pain and/or swelling in the leg, and lower extremity venous Duplex ultrasound examination was performed to these patients whose clinical status suggested DVT to confirm the diagnosis. The control group consisted of those who were suspected, but DVT-negative individuals. Demographics and clinical features, and laboratory data of all participants were recorded. Any significant differences, particularly in CBC parameters, between the groups were researched. Data including age, sex, hypertension, diabetes mellitus, hyperlipidemia, and smoking habit were noted. The laboratory data included CBC parameters such as white blood cell (WBC), hemoglobin (HGB), hematocrit (HCT), platelet (PLT), RDW, MPV, mean corpuscular volume (MCV), neutrophil (NEU), lymphocyte (LYM), NLR, platelet distribution width (PDW), plateletcrit (PCT), PLR, and CRP. Participants under 18 and over 80 years, those having a history of previous DVT or using oral anticoagulants, and those with hematological malignancies, severe chronic heart, lung, liver or kidney disease, active infection and primary immunodeficiency were excluded from the study. A written informed consent was obtained from each participant. The study protocol was approved by the Bolu Abant İzzet Baysal University Clinical Researches Ethics Committee. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Peripheral venous blood samples were obtained from each participant included in the study, and the samples were placed into sterile tubes containing a standard amount of anticoagulant. To detect the results of CBC parameters, the blood samples were studied in an automatic CBC analysis device (Beckman Coulter Inc., CA, USA) within one hour after the samples were taken. Original kits of the manufacturer were utilized in the laboratory assays.
Statistical analysis
Due to the retrospective design of the study, only patients who were admitted to our hospital with a certain date were included. Therefore, we performed a post-hoc compute achieved power analysis and, in the presence of the aforementioned sample size, the power (1-b err prob) was found to be 0.88 with an effect size of 0.5. Platelet-to-lymphocyte ratio in acute deep vein thrombosis Statistical analysis was performed using the IBM SPSS for Windows version 20.0 software (IBM Corp., Armonk, NY, USA). Normality of the continuous variables was assessed using the Shapiro-Wilk test. The normally distributed variables were analyzed using the independent samples t-tests. The Mann-Whitney U test was used for non-normally distributed continuous variables. Categorical variables were analyzed using the chi-square with Fisher's exact correction, where applicable. Logistic regression analysis was performed to identify significant predictors of acute DVT and the odds ratio (OR) for each possible variable was calculated after adjusting for the effects of the other variables. Continuous variables were presented in mean±standard deviation and median (min-max), while categorical variables were presented in number and frequency. A p value of <0.05 was considered statistically significant.
RESULTS
There was no significant difference in the age and gender. However, the mean RDW and PLT levels were found to be significantly higher in the patients with DVT (for DVT group vs. control group; mean RDW 17.1±0.3 vs. 16.3±0.2, p= 0.028; mean PLT 298.1±12.9 vs. 251.2±16.0, p= 0.031). Other compared laboratory parameters were found to be statistically similar between the groups. The results of univariate analysis of the variables for the control and DVT groups are presented in Table 1 .
Logistic regression analysis results are summarized in Table 2 . After controlling for other variables, increased PLT count and PLR were found to be the significant predictors of the diagnosis of DVT. The risk of DVT increased by 15% with one unit increase in the PLT (OR=1.015; 95% CI: 1.003-1.027; p= 0.014), while the same risk increased by 14.8% with one unit increase in the PLR (OR= 0.852; 95% CI: 0.731-0.994, p= 0.041).
DISCUSSION
In the present study, we investigated most of the routine CBC parameters as well as the novel inflammatory biomarkers such as PLR and NLR in patients with acute lower extremity DVT. The major finding of this study was that among CBC parameters, not only PLT count, but also PLR were useful biomarkers to support the diagnosis of acute lower extremity DVT, although PLR was not found to be a statistically significant predictor. Although PLR was not a significant variable in the univariate analysis, it was a significant variable in the multivariate logistic regression analysis and, thus, it was considered an important indicator to support the diagnosis. This situation might be clarified by that the effect of PLR may be suppressed by other variables which are included in the multivariate analysis. Indeed, there is no doubt that PLR is directly affected by PLT count, being a significant predictor of DVT diagnosis of increased PLT count leads to that increased PLR is also a significant supporter of DVT diagnosis. Apart from that, another important finding of our study was that RDW levels were statistically significantly higher in the study group than the control group. However, it did reach statistical significance in the multivariate logistic regression analysis; thus, increased RDW level was not considered a significant predictor of DVT diagnosis.
Platelets are mainly responsible for hemostasis and tissue regeneration in the human body. In addition, they play an essential role in thrombus formation. Thromboxane synthesis and release of adhesion molecules secondary to increased PLT count and activity in the blood are considerable etiopathogenetic factors of thrombus formation in the development of venous thrombosis, as well. [15, 16] There are many reports indicating that PLT count increases in patients with DVT than those without DVT. [8, 17, 18] The results of the aforementioned reports are consistent with the results from our study. One of the possible mechanisms of that increase in the PLT count in DVT may be that the levels of inflammatory cytokines in the systemic circulation increase in case of an inflammatory event. These inflammatory cytokines may induce thrombopoiesis in the bone marrow and, thereby, resulting in a more production of PLTs from megakaryocytes. On the contrary, in a study with a relatively large sample size, the authors found no significant difference in the PLT count between the patients with and without DVT. [7] In this study, the authors, for the first time, showed that increased RDW levels were significantly and independently associated with DVT. More interestingly, another study demonstrated that the mean PLT count was significantly lower in the patients with DVT compared to healthy individuals. [9] In recent years, PLR and NLR have become the most popular and valuable CBC parameters as novel inflammatory biomarkers. These parameters are easily calculated by the ratio of PLT and NEU [10] coronary artery disease, [11] atrial fibrillation, [19] and carotid artery disease, [20] there are few studies in the existing literature regarding whether PLR and NLR can be used as predictors in patients with acute lower extremity DVT. Ferroni et al. [21] analyzed the role and clinical importance of PLR and NLR in venous thromboembolism (VTE) risk prediction for ambulatory cancer patients and concluded that only PLR could be used as an independent predictor of a future VTE episode. Similarly, Yang and Liu [22] investigated that whether PLR was a risk predictor of VTE in cancer patients and revealed that the PLR at the time of cancer diagnosis could be an independent predictor of VTE. These evidences may be considered consistent with our study results; however, the aforementioned studies specifically focused on the prediction of future VTE in patients with cancer. On the other hand, in our study, we performed an analysis to determine independent predictors of acute DVT after comparing all DVT patients (regardless of etiological and comorbid factors) with healthy individuals. However, Yao et al. [23] examined the predictive value of both PLR and NLR for acute DVT development after a specific surgical intervention and reported that neither PLR nor NLR could predict surgery-related DVT accurately. Moreover, in a recent study, the predictive values of PLR and NLR as well as some PLT indices were studied in the patients with acute DVT, consequently only NLR was found to be the independent predictor of DVT. [24] In our opinion, the main strength of the current study is the examination of almost all CBC parameters in patients with DVT and, to the best of our knowledge, this study is the first study to investigate almost all CBC parameters in acute lower extremity DVT. On the other hand, the main limitations of our study are the retrospective nature, relatively small sample size, and single-center cohort study.
In conclusion, our study results suggest that among complete blood count parameters, platelet-tolymphocyte ratio and platelet can be used as significant predictors of acute deep vein thrombosis.
